Introduction
Subcritical water, i.e., water that maintains its liquid state at elevated temperatures under pressurized conditions, has two unique features. One is a lower relative dielectric constant, which is almost the same as those of ambient methanol and acetone (Yang et al., 1998; Eckert et al., 2000) . This low dielectric constant facilitates the use of subcritical water to extract hydrophobic substances from various resources (Hashimoto et al., 2004; Rodríguez-Meizoso et al., 2006) . Another feature is the high ion product. Since this fact denotes a high concentration of hydrogen and hydroxyl ions, subcritical water can subsequently act as an acid or base catalyst (Kuhlmann et al., 1994; Lesutis et al., 1999; Kramer and Vogel, 2000) . Based on these properties, extraction (Ravber et al., 2015) , hydrolysis (Sasaki et al., 1998) , and isomerization (Usuki et al., 2007) in subcritical water have been reported. Processes using subcritical water should be environmentally friendly and have no adverse effects on the human body. Therefore, the use of subcritical water is promising for the environmentally conscious and effective utilization of biomass through its degradation (Miyazawa and Funazukuri, 2004; Liu and Wyman, 2005; Garna et al., 2006) . Since biomass is hydrolyzed by subcritical water to its constituent pentoses, hexoses, and hexouronic acids without the need for additional acids or bases, hydrolysis by subcritical water does not require neutralization of acid or base reactants.
d-glucuronic acid (GlcA) is a hexouronic acid obtained through the hydrolysis of hemicellulose, which is a major component of biomass. GlcA is converted to d-glucuronolactone (GlcL) in subcritical water (Wang et al., 2010) . We previously reported that the addition of ethanol to water significantly promotes the isomerization of mono-and disaccharides under subcritical conditions (Gao et al., 2014; 2015a; 2015b; 2015c; 2016) . However, it remains unclear which reactions will occur during the treatment of GlcA in subcritical aqueous ethanol. In this context, the interconversion between GlcA and GlcL in subcritical aqueous ethanol is examined at relatively low temperatures (180℃ or 200℃) and kinetically analyzed.
Materials and Methods
Materials d-glucuronic acid (GlcA, purity >98%) was purchased from Wako Pure Chemical Industries (Osaka, Japan).
d-Glucurono-6,3-lactone (GlcL, purity >99%) was obtained from Sigma-Aldrich Japan (Tokyo). 
Treatment of

Results and Discussion
Treatment of d-glucuronic acid or d-glucuronolactone in subcritical aqueous ethanol at 180℃ The 0.5% (w/w) GlcA samples dissolved in 0% to 80% (w/w) aqueous ethanol solutions were heated at 180℃, and the disappearance of GlcA and the formation of GlcL were observed (Fig. 1) Comparison of the results shown in Fig. 2 to those shown in Fig. 1 revealed that the disappearance of GlcL was much slower than that of GlcA, and the formation of GlcA was very small when GlcL was treated in aqueous ethanol. These results indicate that the interconversion between GlcA and GlcL occurs reversibly; however, the conversion of GlcA to GlcL is preferred.
Kinetic analysis Based on our previous study on the interconversion between GlcA and GlcL in subcritical water (Wang et al., 2010) , the results shown in Figs. 1 and 2 were kinetically analyzed. All of the reactions shown in Fig. 3 were assumed to obey first-order kinetics. The formation rates of GlcA and GlcL are formulated by Eqs. (1) and (2) 
Treatment at 200℃
GlcA, which was dissolved at 0.5% (w/w) in water, 40% (w/w) ethanol, or 80% (w/w) ethanol, was also treated at 200℃ (Fig. 5) . The disappearance of GlcA and the formation of GlcL were both slower at higher ethanol concentrations. This trend was similar to that at 180℃, although the degradation of GlcL was faster at 200℃ than at 180℃. The 0.5% (w/w) GlcL dissolved in water was also treated at 200℃ (Fig.   4 ). The formation of GlcA from GlcL was small at 200℃ and was similar to that at 180℃. 
